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Correspondence: Lin Zhang, Department of Gastroenterology and Hepatology, The 309 Hospital of PLA, Beijing 100091, China. E-mail: stepinghuns2@yahoo.cn Received July 4, 2011 . Accepted February 1, 2012 . Available online March 2, 2012 . Published March 19, 2012. Chronic atrophic gastritis (CAG) is currently recognized as a special form of chronic gastritis characterized by mucosa atrophy, exposed vessels and mucosal nodules. These features appear to be unusual and different from those seen in other types of chronic gastritis. The diagnosis can be easily made by endoscopic examination and histopathologic evaluation. A number of studies have been conducted to determine the prevalence of CAG in countries having high mortality from gastric cancer, especially in Eastern Asia (1, 2) . However, recently, the morbidity of CAG has been rapidly increasing in China. The Helicobacter pylori bacterium colonizes the stomach mucosa and triggers a series of inflammatory reactions. It is considered to be an important cause of CAG (3, 4) , as shown in rodent models (5) (6) (7) . Although a close relationship between this type of gastritis and H. pylori has been suggested to exist during the last few years, the role of H. pylori still remains unknown. Why are there many CAG patients without H. pylori infection? Globally, gastric cancer is the second most common malignancy. Each year, roughly 798,000 people are diagnosed with gastric cancer worldwide (9.9% of total cancer cases) and 628,000 people die from the disease (8) . CAG plays a crucial role in the development of the intestinal type gastric cancer and has been considered to be the first step in a sequence of mucosal changes in the stomach leading to cancer. It is widely accepted that gastric carcinogenesis is a continuous process leading from non-atrophic gastritis to CAG (loss of specialized glands), to metaplasia and dysplasia, and finally to adenocarcinoma (9) (10) (11) (12) (13) . Gastric cancer might be effectively controlled if this premalignant lesion -CAG -is detected and treated before invasion occurs. But the molecular mechanism www.bjournal.com.br Braz J Med Biol Res 45(3) 2012 underlying this first step leading to gastric cancer is still unknown because molecular biology investigations of CAG are very scarce. Therefore, it is crucial to elucidate the molecular mechanism underlying CAG.
Because the pattern of expressed proteins represents a "library" of information about the functional status and health of the tissue, in recent years, protein extraction, display, and analysis have been developed as new methods representing a new field of clinical proteomics. In this field, the above-mentioned techniques are used to identify functional molecular markers or biomarkers of cancer and other diseases (14) , but there are hardly any studies on the differential expression of proteins between CAG and normal-appearing mucosa.
Most current researches focus mainly on the clinical characteristics of this disease, with much less attention paid to molecular changes occurring in the normal-appearing mucosa from which such lesions emerge. In the present study, we used proteomic techniques to test the hypothesis that normal gastric mucosa from a patient with CAG would exhibit patterns of protein expression distinct from the affected mucosa from the same patient. This approach provides a comparison of anatomically normal and disordered tissues against the same genetic background to analyze the molecular mechanism underlying CAG.
Material and Methods

Sample collection
Samples were taken from 21 patients with CAG from the 309 Hospital of the General Hospital of the People's Liberation Army (PLA) ( Table 1) . Normal gastric mucosa was 20 ,000 g for 1 h at 4°C, the supernatants were removed and protein concentration was determined with the Bio-Rad AC DC protein assay kit (Bio-Rad). Protein samples were stored at -80°C. Before 2-dimensional electrophoresis (2-DE) was performed, the protein samples were purified using the Readyprep 2-D cleanup kit (Bio-Rad) according to manufacturer instructions.
Clinical data of the samples
Detailed clinical and pathological data from the health care information center were reviewed. None of the patients had received treatment prior to endoscopy examination. Of the 21 patients, 12 were men and 9 were women; the mean age at the time of the operations was 60.9 years (range: 43-74 years; Table 1 ). No patient suffered CAG with other concurrent gastric diseases. All CAG tissue samples had definite histological diagnoses: acute and chronic mucosal inflammation (N = 3), acute and chronic mucosal inflammation with mucosa or gland atrophy (N = 7), chronic mucosal inflammation with gastric gland atrophy (N = 7), acute and chronic mucosal inflammation with lymphocytic infiltration (N = 3), and chronic mucosal inflammation. No sample showed low-to-moderate dysplasia or intestinal metaplasia.
Two-dimensional gel electrophoresis
Individual paired samples of normal gastric mucosa and CAG were analyzed by 2-DE as described by Xing et al. (15) . Briefly, a 24-cm linear gradient, pH 5-8, ready strip (Bio-Rad) was rehydrated overnight at 16°C with 200 µg protein in 500 µL rehydration buffer (7 M urea, 2 M thiourea, 4% CHAPS, 65 mM DTT, and 0.2% Bio-Lyte). Isoelectric focusing (IEF) was performed using the PROTEAN IEF Cell system (Bio-Rad). After IEF, the immobilized pH gradient strip was immediately equilibrated for 15 min in equilibration buffer I (6 M urea, 2% sodium dodecyl sulfate (SDS), 0.375 M Tris-HCl, pH 8.8, 20% glycerol, and 2% DTT) and then for 15 min in equilibration buffer II (6 M urea, 2% SDS, 0.375 M Tris-HCl, pH 8.8, 20% glycerol, and 2.5% iodoacetamide). SDS-polyacrylamide gel electrophoresis was carried out on 12% SDS-polyacrylamide gels (25 cm x 20.5 cm x 1.0 mm) using the PROTEAN Plus Dodeca Cell system (Bio-Rad) at a constant voltage of 200 V, at 20°C. After electrophoresis, the gels were stained with the Silver Stain Plus Kit (Bio-Rad). The above processes were performed in triplicate for each sample.
Gel imaging and analysis
The silver-stained 2-DE gels were scanned on a GS-800 Calibrated Imaging Densitometer (Bio-Rad) at a resolution of 300 dots per inch. The intensities of protein spots were analyzed with the Amersham Biosciences Imagemaster v 5.0 (USA). The differential protein spots that showed more than 5-fold staining intensity and had the same directional change in at least 9 cases were taken as differentially expressed candidates. The gray values of the protein candidates were analyzed statistically by the nonparametric Wilcoxon test.
Spot cutting and in-gel digestion
To obtain sufficient protein for mass spectrometry, 2-D gels from 21 samples were used for spot cutting. Equal protein masses of each of the 21 samples (normal gastric mucosa and CAG tissue) were pooled, and 300 µg of the mixture was loaded for 2-DE. The differentially expressed protein spots were identified as described in the preceding text. These spots were excised from the gels with the Proteome Works Spot Cutter (Bio-Rad), destained for 20 min in 30 mM potassium ferricyanide/100 mM sodium thiosulfate (1:1, v/v), and washed in Milli-Q water until the gels shrank and were bleached. The pieces of gel were incubated in 0.2 M NH 4 HCO 3 for 20 min and dried by lyophilization. Twenty microliters of 20 µg/mL trypsin (Sigma, USA) was added to each gel fragment and the pieces were then incubated at 37°C overnight. The peptides were extracted three times with 50% acetonitrile (ACN) and 0.1% trifluoroacetic acid and dried in a vacuum centrifuge.
Mass spectrometry (MS)
The digests were analyzed using a Bruker Autoflex II TOF/TOF mass spectrometer (Bruker Daltonics Inc., USA) with delayed extraction in which α-cyano-4-hydroxycinnamic acid was exploited as the matrix (in 50% ACN and 0.05% MS). The total 2-µL solution was applied to a target disk and allowed to air dry. Mass-to-charge ratios were measured in a reflector/delayed extraction mode with an accelerating voltage of 20 kV, a grid voltage of 63-65%, positive polarity, and a delay time of 200 nanoseconds. Laser shots at 300 per spectrum were used to acquire the spectra with a range of 800 to 4000 daltons. Trypsin autolysis products www.bjournal.com.br Braz J Med Biol Res 45 (3) 2012 were used for internal mass calibration. Database searching was performed using the Mascot software (http://www. matrixcience.com). The search parameters were the nrNCBI database, human, 10-150 kDa, trypsin (1 missed enzymatic cleavage), and 100-ppm mass tolerance. The best match was the one with the highest score, and a significant match was typically a score of the order of 70 (P < 0.05).
Western blot analysis of proteasome activator subunit 1 (PSME1) and ribosomal protein S12 (RPS12)
After the analysis of selected proteins, two differential proteins were confirmed by Western blot analysis in additional samples to validate the 2-DE spot protein content results. Fifteen CAG with individually matched normal mucosa were used for Western blot analysis. Tissue samples were lysed as described above and protein extracts (50 µg) were separated on a 12% SDS-polyacrylamide gel. Proteins were then transferred to a poly-vinylidene difluoride membrane (Bio-Rad). After blocking, the membranes were incubated with a PSME1 goat polyclonal antibody (1:1000 dilution; GenWay Biotech, Inc., USA) and a polyclonal rabbit anti-RPS12 antibody (1:1000 dilution; Sigma-Aldrich, USA). Subsequently the membranes were incubated with anti-goat horseradish peroxidase and anti-rabbit IgG horseradish peroxidase (Abcam, UK), respectively. The specific proteins were visualized with a chemiluminescent reagent (Pierce Biotechnology, USA). As a control for equal protein loading, blots were restained using antiactin antibody (1:4000 dilution; Santa Cruz Biotechnology, USA). The band intensity was analyzed with the PDQuest software ver7.1. The amount of relative expression was calculated as the intensity ratio of RPS12 or PSME1 to that of actin. The association between categorical data was analyzed by the nonparametric Wilcoxon test or the Friedman test, when appropriate, using the SPSS11.0 software package. The level of significance was established at 0.05 (two-tailed).
RT-PCR of PSME1 and RPS12
The total RNAs of additional tissue samples were extracted by homogenization in Trizol (Invitrogen, USA) to validate the 2-DE results and cDNA synthesis was performed in a 20-µL reverse transcription reaction mixture including 5 µg RNA. Amplification of PSME1, RPS12 and β2-MG acting as internal control was then carried out in a DNA thermal cycler (Perkin Elmer, USA) using equal cDNA as template. PCR products were separated by 1.5% agarose gel electrophoresis, scanned and analyzed with the image master VDS system (Pharmacia, USA).
Preliminary functional analysis of PSME1 and RPS12
To understand the roles of PSME1 and RPS12 in CAG, they were imported into Pathway Studio (USA), and an interaction map was generated and visualized with information from the Ensembl database, the Pfam protein families database, Prosite database, GNF GeneAtlas database, and PDB database. Each node represents either a protein entity or a control mechanism of the interaction.
According to the visualized interaction map established by the Pathway Studio, the key pathways including PSME1, RPS12 and other proteins were shown. Furthermore, some preliminary molecular mechanisms underlying CAG were analyzed based on these key pathways.
Results
Differential protein expression of CAG
The 2-DE protein patterns were studied in 21 patients with CAG and individually matched normal mucosa tissue. About 2100 proteins were detected on each gel. The proteins expressed in CAG tissue were compared to those in matched normal tissue. The protein spots that showed 5-fold greater differential expression in at least 9 cases were considered to be differentially expressed candidates ( Figure 1A and B). In this study, 18 significantly different candidate protein spots were found. Eight proteins were up-regulated and 10 down-regulated in CAG compared to the same proteins in individually matched normal gastric mucosa. The quantities of all detected spots were analyzed statistically by the nonparametric Wilcoxon test. We then analyzed these candidate spots by MS and identified a total of 15 proteins ( Figure 1C and Table 2 ). The Mascot scores for the protein identified by Bruker Autoflex II TOF/ TOF, and other parameters are given in Table 2 . We failed to detect 3 protein spots. There might be several reasons for this result, such as lower abundance, some errors in the operation, lower reliability of the MS results, and some characteristics of these proteins. More work will be done on the 3 protein spots in a further study.
Validation of PSME1 and RPS12 by RT-PCR
Using semiquantitative RT-PCR, a 432-bp fragment of PSME1, a 387-bp fragment of RPS12 and an 876-bp control fragment of β2-MG were amplified (Figure 2) . The mean ratios of the intensity of the PSME1 band normalized to the control band were 0.23 ± 0.06 and 1.34 ± 0.31 in 15 CAG and normal mucosa tissues, respectively. The P value was lower than 0.05 when the ratios of the two groups were analyzed by the Student t-test (Figure 2A) . The results of RPS12 were 1.28 ± 0.15 and 0.36 ± 0.09 in 15 CAG and normal mucosa tissues, respectively (P < 0.05; Figure 2B ). These results suggest that the difference of PSME1 and RPS12 in CAG and normal mucosa tissues can be obvious at the mRNA level.
Validation of PSME1 and RPS12 by Western blot
The two novel candidate proteins, PSME1 and RPS12, were studied further among the differentially expressed proteins. Their expression profiles in CAG have not been reported previously. Western blot analysis showed that RPS12 was significantly up-regulated in CAG tissue (mean ± SD: 0.59 ± 0.08) but not in normal gastric mucosa tissue (mean ± SD: 0.22 ± 0.06; Figure 3B ). Compared to normal mucosa (mean ± SD: 0.66 ± 0.10), PSME1 was significantly down-regulated in CAG tissue (mean ± SD: 0.12 ± 0.03) (P < 0.05, Student t-test or Friedman test) ( Figure 3A) .
Preliminary functional analysis
PSME1 and RPS12 were imported into Pathway Studio to build an interaction network. The connectivity of PSME1 and RPS12 was 64 and 38, respectively. The average connectivity of the proteins identified was about 43. Our results showed that PBP, RAF1, Braf, MAPK1, and MAP2K1 were hot points with more connectivity. Based on the molecular network, we concluded that the PBP-RAF/MAPK pathway and NF-kappaB (NF-κB) signaling pathway could be the cores of the whole network. Cancer and other phenotypes interested in downstream such as inflammation, necrosis and hyperplasia were linked to the two pathways ( Figure 4 ).
Discussion
It is well known that chronic CAG plays a crucial role in the development of gastric cancer, which is one of the most common causes of cancer deaths globally. H. pylori has been thought to be the major trigger of CAG (16) . But there are still many CAG patients without H. pylori infection and most of the previous studies were clinical investigations in which very few genes and proteins were connected with the disease. Thus, we still do not clearly know what occurs in the change from morphologically normal mucosa to CAG. Meanwhile, the patients could face a higher risk of gastric cancer. Thus, it is important to investigate the molecular mechanism underlying CAG. Proteomic methods will help us to understand the early stages in the progress of CAG for the prevention and treatment of gastric cancer. In this study, we used the common 2-DE approach coupled with MS to study the differentially expressed proteins in individually matched cases of normal mucosa and CAG lesion and Western blot assays were performed to demonstrate the differential expression of the PSME1 protein between CAG and normal (N) gastric mucosa. The specific proteins were visualized with a chemiluminescent reagent. As a control for equal protein loading, blots were restained with antiactin antibody. Immunosignals were quantified by densitometry scanning. The relative quantification was calculated as the ratio of PSME1 to actin as shown in the bar graph. B, Up-regulation of RPS12 in CAG (C) tissue compared to normal (N) mucosa. The same experimental process was performed. The relative quantification was calculated as the ratio of RPS12 to actin as also shown in the bar graph. Eighteen differentially expressed proteins were identified in CAG in the study, and none of them (Table 2 ) had been reported in previous studies on this disease. We used a cut-off of 5-fold in the research. This high cut-off may have Figure 4 . Biological interaction networking of PSME1 and RPS12 in chronic atrophic gastritis (CAG). PSME1 and RPS12 were imported into Pathway Studio (USA) and an interaction map was generated with information from the Ensembl database, the Pfam protein families database, Prosite database, GNF GeneAtlas database, and PDB database. Each node represents either a protein or a control mechanism of the interaction. The NF-κB and PBP-RAF/MAPK signaling pathways could be major molecular interaction pathways. The compendious molecular interaction pathway, which linked PSME1, RPS12 and PBP, could impact on some cell functions such as cell proliferation and apoptosis, and the cell cycle could then promote the formation of CAG.
www.bjournal.com.br Braz J Med Biol Res 45(3) 2012 missed some potentially important changes, although it could minimize the possibility of individual difference and ensure the fidelity of the change. In the current study, we only found 18 differentially expressed proteins between CAG and normal mucosa in the fluorescence difference gel electrophoresis study. But we believe that some major molecular mechanisms underlying the disease should be implicated. A concept of cancer biology is that tumors arise and grow from some precancerous lesion as a result of the multiple changes of some genes or proteins, which could influence some cell functions via different molecular biological pathways. Thus, it would be very important to determine these molecular changes and their functional pathways. There may be not too many changes in the expressions of proteins in the original step towards gastric cancer, namely CAG, and therefore only 18 differentially expressed proteins were found. There were also some methodological discrepancies in the processes of our proteomic study, including sample collection, the separation and identification of proteins and analysis of the results. Some low-abundance protein spots could not be displayed clearly and these proteins should be further analyzed by a more advanced method.
In the present study, we confirmed that PSME1 expression was significantly down-regulated in CAG tissue compared to normal mucosa. The same finding about this protein has been reported in previous studies (17) (18) (19) (20) . An alternative name of PSME1 is PA28 alpha that encodes the alpha subunit of the 11S regulator. This 11S regulator is an important component of the 26S proteasome, which is composed of 2 complexes, a 20S core, and a 19S or 11S regulator. The proteasome is expressed throughout eukaryotic cells and disintegrates proteins in a ubiquitindependent pathway in which many products of oncogenes and anti-oncogenes are decomposed. The other essential function of the proteasome is the processing of class I major histocompatibility complex peptides, namely immunoproteasome. The results of previous studies (17) (18) (19) (20) have revealed that the noticeable function of PSME1 was immunoregulation, which, to some extent, could enhance anticancer immunological reaction. The relationship between PSME1 and some cancers has been reported recently. Zhang et al. (21) found that PSME1 was down-regulated in HBV-infected hepatocellular carcinoma in a comparative proteomics research to analyze the differential proteome of tumor and adjacent non-tumor tissues, and thought that PSME1 could play an important role in the onset of hepatocarcinogenesis. Miyagi et al. (22) confirmed that the expression of PSME1 was impaired in some human colon cancer cell lines, and they thought that this change could be involved in the loss of HLA class I expression in human colon cancer cells. Lemaire et al. (23) reported that PSME1 could be regarded as a potential biomarker of ovary cancer because of its outstanding differential expression between ovary cancer and normal tissue. Collectively, these studies suggest that the PSME1 gene could be involved in cancer initiation and progression because of impaired immunoprotection. Our results confirmed that PSME1 expression is down-regulated in CAG compared to normal mucosa. We postulated that this down-regulation of PSME1 might denote a step of the potential cancerous transformation of the gastric mucosa due to weakened immunological function.
RPS12 was significantly up-regulated in CAG tissue although its expression remained unchanged in normal mucosa. The RPS12 gene encodes a ribosomal protein, which is an important component of the 40S subunit of ribosomes. Ribosomes are highly conserved large ribonucleoprotein particles consisting of a large 60S subunit and a small 40S subunit that perform protein synthesis. There are many different ribosomal proteins (r-proteins), which are encoded by different genes scattered about the genome. The function of ribosomes is very complex, with different steps occurring in different parts of the cell. Separate ribosomal subunits are then transported from the nucleolus to the cytoplasm where they assemble into mature ribosomes before functioning in translation. In this process, r-proteins such as the protein product of RPS12 form the ribosomal subunits and perform the functional roles of identification, integration, and transport. Thus, the change in the expression of an r-protein could result in upregulation or down-regulation of newly synthesized proteins. The change in the expression of RPS12 could influence the expression of some proteins. On the other hand, because there are many r-proteins and their roles may overlap, the changes in expression of a single ribosomal protein could have a very limited impact on global gene expression. Thus, the up-regulation of RPS12 could result in the changes in the expression of some proteins but the number of these changed proteins could be limited. The results of some previous investigations have revealed that this gene could be related to some human cancer. Cheng et al. (24) , using RT-PCR differential display and cDNA microarray methods, found that the expression of RPS12 may be up-regulated in the adjacent histopathologically "normal" cervical squamous epithelial tissue from cervical cancer patients. Thus, they thought that RPS12 could be a potential biomarker for an early diagnosis of human cervical cancer. Deng et al. (25) , using comparative proteome analysis of breast cancer and adjacent normal breast tissues, found that the expression of RPS12 could be changed in breast cancer and be involved in the pathological process of this disease. Sun et al. (26) , using suppression subtractive hybridization methods, revealed that the expression of RPS12 was higher in early and advanced gastric cancer and in lymph node metastases than in normal mucosa. Based on these reports, we think that the RPS12 gene could be a tumor-enhancing gene, but the detailed biological roles of RPS12 in CAG and gastric cancer remain to be elucidated. The up-regulation of RPS12 in CAG suggests that this disease may be related to gastric cancer and RPS12 may play a crucial role in the initiation of cancerization.
Our bioinformatics results suggested that the PBP-RAF/ MAPK and NF-κB pathways could be the crucial signal transduction pathways of the molecular change in CAG. The NF-κB and PBP-RAF/MAPK signaling pathways regulate the growth of many tumors or inflammation, suggesting cooperation between these two pathways in the regulation of cell proliferation and apoptosis in CAG. It is well known that H. pylori is the cause of many gastric diseases, including CAG. The results of some investigations on H. pylori have revealed that the PBP-RAF/MAPK and NF-κB pathways could be the crucial mechanism of the pathopoiesis of H. pylori. Fox and Wang (27), Shibata et al. (28) , and Lee et al. (29) have confirmed that the induction of cytokines and chemokines and growth-related genes by H. pylori is mediated by the PBP-RAF/MAPK and NF-κB signaling pathways. In our molecular interaction network of CAG, the changes of PSME1 or RPS12 and the impact on the NF-κB and PBP-RAF/MAPK signaling pathways could be analogous to the reaction to H. pylori infection. But the patients in our study were not infected with H. pylori, and therefore, according to previous reports, we supposed that CAG without H. pylori infection could involve a pathogenesis similar to that of CAG with H. pylori infection, in which a series of molecular interactions were induced by an immunological reaction against H. pylori infection. But in CAG without H. pylori infection, the initiating agent could not be H. pylori but other infectious agents or molecules.
Of 16 other differentially expressed proteins, 7 were up-regulated and 9 down-regulated in CAG when compared to the same proteins in individually matched normal gastric mucosa. Some of the up-regulated proteins are mainly involved in inflammation, such as CCR10 and CDC37 (30, 31) , with effects on the release of inflammatory cytokines or angiogenesis. The RAD51L1 protein may be involved in the homologous recombination repair pathway of double-stranded DNA in cells (32) and STK19 may be involved in transcriptional regulation (33) . FAM3C is a member of the family with sequence similarity 3 (FAM3) and encodes a secreted protein with a GG domain and may be up-regulated in some cancer cells like other members of this family (34) . Many of the down-regulated proteins are involved in cell cycle regulation or in the promotion of apoptosis. For example, BCCIP and BTG1 may regulate the cell cycle and promote cell cycle arrest (35) . CASP7 and PYCARD proteins are involved in caspase-mediated apoptosis (36) . Other down-regulated proteins may inhibit cell growth and proliferation and may be considered to be potential tumor suppressor genes, such as HDAC3 (37) . In summary, many up-regulated proteins could participate in the regulation of transcription, in DNA repair or proliferation, whereas many down-regulated proteins could inhibit cell division and promote apoptosis.
In short, our study showed a differential protein expression profile of CAG compared to matched normal mucosa. The candidate proteins confirm the conclusion that CAG is one of the major precursor diseases of gastric cancer; thus, more effective treatment should be applied to the disease.
